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ppnrgSB FO B THE PREPAR^ rm SE ALKYNOLS 

The invention relates to a procesa for the preparation of an alkynol 
rth fomtuto HMHXPW* (fonnula 2) therein * represents raethyl. halomethyl or 
athyl wherein the corraaponding protected alkynoi with formula 1 
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wherein R 1 rapreaanta H, or an alky., aikeny. or aryl group, * k aa defined above and 
"pUs a trlsubsbtuted airy, group wherein aa* A independent* represent an 
g»up. Intheprasenoe ofwaterand at ieast an equivaien, emoun, of 
15 arainefunctlmaliteaiacorwartedlntothaall^^fofonnuteZ 

Daproteollon of tha protected aikynote with formula 1 . whenan both 
th. orotactinfl any) group and tha protecting aoyl group are removed are known to be 
^^ZZL, .* mettanol in the presence of a base. A disadvantage of th,a 
m^Xlto e,u«ibnum ^derations dikted systemswith Ngh amounts of 

reaction sjtfem and the alkynol. isolation via distillation is rather Ma* 

Applicant now has developed a simple, one pot deprotecbon method 
■ which can be applied at high concentrations andwhich leads to virtually qualitative 
anThigh Isotetad yiekte of the daslrad aikynol. and wherein - des,red 
25 product can easily be separated from ma otrKrraacti^produrts. 

T^aaprotecawac^rdingtotheinventionfepartbrmedmthe 

nresence of water. The amount of water preferably is at least 0.4 equivalents 

^erabiy atieastO.6 equivater^. If cMllatk>n forms (part of, tha purflcabon process 
30 Cn^nt of water preferably is leas than 5 most preferably lessen 3 

!ou^ m thla cLe large amounte of water are disadvantageous in thatthey have 
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an azeotrope with the alkynol, water has to be removed by drying or any other physical 
or chemical method that is compatible with the system. Preferably less than 3, more 
preferably less than 1 equivalent of water calculated with respect to the amount of 
protected alkynol, is used fn the deprotection step. Particularly advantageous is the use 
5 of 0.4 - 0.6 equivalents of water relative to the amount of protected alkynol with 
formula 1. 

Suitable primary or secondary amines that can be used in the 
process of the present invention are, for instance, amines with 1-40 C atoms, including 
of course also for instance diamines and potyamines etc., amino alcohols, including 

1 0 any compound with one or more, for instance 1 -20 (primary or secondary) amino 

groups and one or more, for instance 1-20 hydroxy groups, for instance amino alcohols 
having one amino group and one hydroxy group, in particular aminoethanol; amino 
diols, for instance diethanol amine; amino polyols; diamine glycols; polyamino polyols; 
aminothiols, including any compound with one or more, for instance 1-20 (primary or 

15 secondary) amino groups arid one or more, for instance 1-20 SH groups, for instance 
amino thiols having one amino group and one SH group; amino thiols, for instance 
cysteine and derivatives thereof, amino poly thiols or polyamino polythiols. 
Accordingly, one molecule of the primary or secondary amine can contain more than 1 
equivalent of amine functionalities. Preferably a primary amine or an amino alcohol, 

20 more preferably an aminodiol, particularly diethanolamine is used. 

The amount of primary or secondary amine to be used may vary 
within wide limits. Preferably the amount used is less then 5 equivalents of amine 
functionalities, more preferably less than 2 equivalents calculated with respect to the 
amount df protected alkynol with formula 1. Most preferably the primary or secondary 

25 amine is used in an amount between 1 and 2 equivalents of amine functionalities , 
calculated with respect to the amount of protected alkynol. 

The deprotection method according to the invention preferably is 
catalyzed by an amount of a base. Suitable bases that can be used are, for instance, 
(earth) alkaline metal (bi)carbonates, (earth) alkaline metal hydroxides, alkoxides and 

30 phenoxides. Preferably an (earth) alkaline metal carbonate, bicarbonate or hydroxide is 
used as the base. The basic functionality of the primary or secondary amine can of 
course also be applied as the base. The amount of base to be used may range within 
wide limits and may vary from catalytic amounts, for instance £ 0.01 equivalents 
calculated with respect to the amount of protected alkynol, up to 5, preferably up to 2 

35 equivalents in a non-catalytic mode. In case distillation forms part of the purification, 
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the preferred amount of base may depend on the boiling po,nt of fte base. . fta 
!ZLe in boiling pointe of fta base and fta alkyno. with formula 2 ,s amallar than 45 

^caroountofbaaa. forinstance 0*1*1 — 
C, preferably ^^^^^ ^ depIDtedion l8 performed is rfotcnbeal 

and lias for Instance balwaan -10 and 150 -C, praferably between 10 and 100 "C. 
rnl^H batman 30 and 80 The deproteeflon according to fta .wanton 
Ta» ZZL be parformad in fta praaanoa of a sofcen. in ordar.o anf.a oa fta 
ZbWof.havartous^agarta.lfnoaolventlsusadinftadaproteotK.n^ 

ZZHZ"*-* - sueh ,hat me reaouon BV8tem - : T^z, 

C^bla Preferably no solvent is usad as fta prooaas appeare to ba most efferent 
ZTZ'^d a solvent Suitabie eoWenfc fta, ma, ba usad ara for instance fter, 
::itZa*bo* 8 PO-nUor^oaabo.«ngp.ntof 2 00-Co r mora,fOr 

^^T^ftadapro^onat.pftareao.onmMura^iohmayba 

■ homooaneoua or may consist of 2 or mora phases, may ba aubiaotad to portion. 
T^n may oonsfet of one or more steps, prcferabryatieastoneofthese 
Z or enar fta dis^ of ft. aiKyno, w* formula 2 

to fta invention where* pudSoaUon U (partly) achieved by a diction 
^cUon component ara chosen suoh fta. fte ^ praaan. infta m^ 
subjected .o distillation - option* alter one or mora punficatoon steps - have a 
diners a, least 45 -C, preferab* a. leas. 55 "C. from fte 
25 alkynol wift formula 2; alternative*. If fta said holing pain. <MM» - lower. Wm 
^olobiomeftcamountsCforaxample. ^Oftol^oompamdftfteamoun.^ 
Xno. wift formula 2, are present in fte med>um to ba disalled 
Rafting the alKyno. wHh formula 2 which ia outvoted ft distiWon 

Zest plibla amount o, water and,or oompounda having a ^J"**-* - "" 
30 , e58 ftrn45-Cfromftaboi«n 3 poWofthaallcynol^for m ula2.Prefemhly.h« 

^ "phase conteftftg the aikyno, with formula 2 which Is subjected* 
dilation, prafarabiy conlafcs lass ftan 10 mo,* coated * 
35 amount of alkynol with fonaula 2 of aaoh componan. of which fte difference borlmg 
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point compared to the boiling point of the alkynol with formula 2 is less than 45 *C. 

The deprotection according to the invention can be performed 
starting from any protected alkynol of formula (1) wherein R 1 represents H, an alkyl 
group with for instance 1-20 C-atoms, preferably 1-6 C-atoms, an alkenyl group with for 

5 instance 2-20 C-atoms, preferably 2-6 C-atoms, or an (hetero) aryl group optionally 
containing one or more O or N atoms, with for instance 4-20 C-atoms, preferably 5-10 
C-atoms; A3SI represents a ^"substituted silyl group wherein each A independently 
represents an alkyl group with for instance 1-20 C-atoms or an aryl group, for instance 
a phenyl group, and R 2 represents methyl,, halomethyl, wherein halo represents F, CI, 

10 Br or 1, or ethyl. The alkyl, alkenyl and aryl groups of R 1 or A may contain any 
substituents that are inert in the reaction system. Suitable substituents are, for 
example, alkyl groups, aryl groups, alkoxy groups, alkenyl groups, dialkylamino groups, 
halogens, nitrile, nitro, acyl, carboxyl, carbamoyl or sulphonate groups which may 
contain for instance 0-10 Oatoms. The (protected) alkynols may be in an 

1 5 enantiomerically enriched form, for instance with an ee > 80%, preferably > 90%, most 
preferably > 95%, in particular > 99%. An alkynol with formula 2 that particularly 
advantageously can be prepared with the process according to the invention is 3- 
butyn-2-ol or its enantiomers, in particular (R)- or (S)-3-butyn-2-ol starting from an ester 
of (R)- or (S)-4-frialkylsilyl-3-butyn-2-ol, for instance an ester of (R)- or (S)-4-triaIkylsilyl- 

20 3-butyn-2-ol and a carboxylic acid or a mono ester of (R> or (S)-4-trialkylsllyl-3-butyn- 

2-ol and succinic acid. 

The starting material of the deprotection, the ester of (R)- or (S)-4- 
trialkylsilyl-3-butyn-2-ol, may, for instance, be prepared via (enzymatic) resolution, for 
instance by (enzymatic) stereoselective acylation. wherein a mixture of (S)- 

25 respectively (R)-4-trialkytsilyl-3-butyn-2-ol and the ester of (R)- respectively (S)-4- 

trialkylsilyl-3-butyn-2-ol is obtained, followed by separation of the (R)- respectively (S)- 
4-trialkylsilyl-3-butyn-2-ol ester and the (S)- respectively (R)-4-trialkylsilyl-3-butyn-2-ol 
in the mixture, for instance by converting (S)- respectively (R)-4-trialkylsilyl-3-butyn-2-ol 
to a high boiling or water soluble ester for instance a succinic ester with a suitable 

30 acylating agent, for instance succinic anhydride, and a suitable catalyst, for instance 
dlmethylamino pyridine. 

The invention will further be elucidated by the following examples, 
without however be restricted thereby. 
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nsprntention tri^y""'^ 1 fisters ™ 

Deprotection examples are illustrated in scheme below. 



Scheme 




deprotection 



1a A= R 1 =R 2 = Wle 

1a' A = R 2 = Me. R 1 83 -(CH^COOH 



OH 



2a R 2 = Me 
2bR 2 = Et 
2cR 2 --CH a 



10 



The dspro.ect.on reaction and stde product ere monttored by GC analysis us^aCP- 
S« , CB column (program: 3 minutes et50°C, «t*^ ^minutee e.250 O 



fifrte products 



o 



3a 



Me 3 Si 




4a 



5a 
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Example I. 

n^rot^nn using n-butylamine. „ 

A 5 ml vial containing a magnetic stirring bar was charged with (R)-4- 

tri methy.silyl^butyn-2-y. acetate (1a) (1 mmol). KaCO* (0.1 mmol) and n-butylamine 
(2 4 mmol) Reaction vial was sealed with a teflon-lined cap and the temperature of the 
reaction mixture was increased to 80°C. After 3 hours, water (1 .2 mmol) was added to 
^alnmbdure. Reaction was con«nued for 1 night gWing 2a in 97% yield. StarUng 
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material 1a was not completely converted. 1a and 5a stayed behind in the reaction 
mixture in respectively 1 and 3 % assay yield. 
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Example,!! 

Deprotection using amino alcohols. 

A 5 ml vial containing a magnetic stirring bar was charged with (R>4- 
trimethy!siiyl-3-butyn-2-yl acetate (1a) (1 mmol), K z C0 3 (0.1 mmol) and amino alcohol. 
Reaction vial was sealed with a teflon-lined cap and the temperature of the reaction 
mixture was increased to 80°C. At given reaction time (table 1). water was introduced 
in the reaction mixture. Reaction was continued overnight at 80°C. Deprotection results 
are summarized in table 1 . 



Table 1 Deprotection of 1 a using amino alcohois 



Exp 


Amino alcohol 




Yie 


d b (% 


) 








(eq.) 


(mmol) 


t(h) a 


2a 


3a 


4a 


Sa 


1a 


1 


2-amino-1-butanol 


1.2 


1.2 


3 


>99 




<1 






2 


Diethanolamine 


1.2 


0.6 


O 


99 




1 






3 


Diethanolamine 


1.2 


1.6 


O 


98 




2 






4 


Diethanolamine 


1.2 


1.2 


3 


>99 










5 


Diethanolamine 


1.2 


0.6 


4 


>99 
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a) reaction time before the addition of water b) determined by GC using the "corrected 
100% method". 



Example ill 

20 Deprotection fR^trimethvis ?lvi-3-butvn-2-vl acetate (1a) and Isolation of fR)-3-butyn- 
2-ol bv distillation 




Mbducs 



Diemanolamtna 0 aq.) 
80°C 



OH 



QSiMej 



la 



OH 

w>°e 

za 



6 
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A 500 ml round bottom flask was charged with (RH-trimethylsfly KJ- 
butyn-2-yl acetate (1a) (68.41 g, -0.37 mol). diethano.amine (41.0 g. 0.39 mol) and 
J-CM51 g 0.037 mol). The reaction mixture wasstirred at 80°C for 1.5 hours. In first 
part of the depletion. ( R) -4-trimethvlsilyl-3-butyn.2-yl acetate was completely 
converted to a mixture of (R)-3-butyn-2-ol and (R)-0-TMS-butynol (4a). In second part, 
the remaining (R)-0-TMS-butynol (4a) was converted to (R)-3-butyn-2-ol I by the 
addition of H.O (4 g, 0.22 mo!). The reaction was continued for 2 h at 80°C ,n order to 

achieve complete conversion. 

Upon Blending, the reaction mixture separated into two liquid layers. 
One layer Is predominantly TMS-ether 6 and second layer exists of a solution of (R>3- 
butyn-2-ol in the remaining reaction matrix. 

The two-phase reaction mixture was distilled directly after 
daprotectlon by slow increase of temperature to 120°C. In first fraction, an azeotropic 
mixture of TMS-ether 6 and (R>W>utyn-2-ol (2a) came over, which separated In the 
receiver into two liquid layers. At this point, (R^n-2^1 (2a) was separated ,n high 
purity from TMS-ether 6. Distillation of the remaining (RJ-S-butyn^l was canoed at 
120-C by slow decrease of the pressure to approximately 800 mbar. When distiHabon 
was almostfinlshed the pressure was further decreased in orderto distill residual 
amounts of (RHM.utyn-2-ol. The combined distillation fractions (product separated 
from 6 inflrstfraction and product collected in second fraction) yielded 24.1 g (0.34 

mol) (R)-3-butyn-2-ol. 

Forfurtherpurificafion,the^ 
distilled at atmospheric pressure at an oil bath temperature of 125°C. ^>^^ 
(18 0 g 0 26 mol) was smoothly distilled at a bottom temperature of 108 - 1 10 C. 
Quantitative analysis by GC using an external standard method showed a high degree 
of purity. 

30 Exam ple IV 

n ^tertionusin n 1.2-diaminoethane ■ ■ 

A 5 ml vial containing a magnetic stirring bar was charged with (R)-4- 
tnmethyisilyl^butyn-2-yl acetate (1a) (1 mmol). dihexylether as internal standard (0.1 
mmol) H a O. K^and 1 ,2-diaminoethane (1.2 mmol). Reaction vial was sealed with a 

35 teflon-iin e d cap and the temperature of the reaction mixture was increased to 80 C. 
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Deprotection was continued for 16 h at given temperature. 

For analysis, reaction mixture was diluted with 1 ml dichloromethane. 
GC-sample was prepared by dissolving 50 ul of vigorous stirring reaction mixture in 1 
ml CH 2 Cl 2 . The results are summarized in table 4 

5 

T fl hte A Deorotection 1a using 1 .2-diaminoethane 



Exp 


K a C0 3 


H 2 p 


Yield* (%) 








(mmol) 


(mmol) 


2a 


3a 


4a 


6a 


1a 


1 b 






33 




2 


53 


12 


2 




1,6 


99 




1 






3 


0.1 


1,6 


100 











a) Assay yield determined by GC using dihexyl ether as internal standard 
10 b) Comparative experiment 



NR. 0405 P. ,17 
017 17.10.2003 15:16 



15 



U.OKT. 2003 15:19 m IP GELEEN 046-4761830 



018 17. 10 -2003 15:16:57 



9 



CLAIMS. 
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15 3. 
4. 
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6. 
7. 



Process for the preparation of an alkynol with formula HC=C-C(OH>R ^ 
(formula 2) wherein R 2 represents methyl, halomethyl or ethyl. where.n the 
corresponding protected alkynol with formula 1 




A 3 sr m 

wherein R 1 represents H, or an alkyl. « aryl group. R* is as defined 
above and A 3 Si represents a trisubstttuted silyl group wherein each A 
independently represents an alky, or an aryl group, in the presence of wa^er 
and at least an equivalent amount of amine functionalities is converted *to the 
alkvnol with formula 2. 

Process according -*> 1 herein we .mountofwatertob^enosand 
agents calculated with respect tothe amount of protected alkynol w* 

formula 1. . . „ . 

Process according to claim 1 or 2 wherein In addition a base is present 
Process according to claim 3, wherein the base is an (earth) alkaline metal 
carbonate, an (earth) alkaline metal bicarbonate oran (earth) alkaline metal 
hydroxide. 

Process according to any one of claims 1-4. wherein the amount of amme 
functionalities is between 1 and 2 amine equivalents calculated with respect to 
the amount of alkynol with formula 1. 

Process according to any one of claims 1-5. wherein R^methyl. 
Process according to any one of claims 1-6. wherein subsequently the 
reaction mixture is subjected to at least one purification step of wh,ch at least 

or: one step is a distillation step. 

8 p^saooordlnstodalmT.v.hereinthephaaeoontaln^theaB.ynolw.th 

formula 2 which is subiected to distillation 0) contains leas than 3 equivalents 
calculated with respect to the amount of alkynol with formula 2 of water and <n) 
contains less than 10 mol.% calculated with respect to the amount of alkynol 
30 witt, formula 2. of each component of which the difference in boBr* port 
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compared to the boiling point of the alkynol with formula 2 is less than 45 "C, 

9. Process according to anyone of claims 1-8, wherein the protected alkynol is 
enantiomerically enriched. 

1 0. Process according to claim 9, wherein first the enantiomerically enriched 

5 protected alkynol with formula 1 fs prepared via enzymatic resolution of the 

mixture of enantiomers of the corresponding silyl-protected alkynol followed by 
isolation of the enantiomerically enriched protected alkynol with formula 1. and 
subsequently the enantiomerically enriched protected alkynol with formula 1 is 
subjected to a process according to claim 8 or 9. 

10 11. Process according 1o claim 10, wherein the enzymatic resolution is performed 
via stereoselective acylation of the mixture of enantiomers of the silyl- 
protected alkynol, followed by conversion of the remaining enantiomerically 
enriched enantiomer of the silyl-protected alkynol to a high boiling or water 
soluble ester. 
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ABSTRACT 



Process forthe preparation of an alkynol with formula HCfeC-C(OH)- 
R* (formula 2) wherein R 2 represents methyl, halomethyl or ethyl, wherein the 
5 corresponding protected alkynol with formula 1 




(D 



wherein R 1 represents H, or an alky., alkenyl or aryl group, R* is as defined above and 
AaSi represents a trisubatituted silyl group wherein each A independently represents an 
alkyl or an aryl group, in the presence of water and at least an equivalent amount of 
aminefunctionalitiesisconvertedintothealkynolwithformula 

Preferably, the amount of water is between 0.5 and 3 equivalents 
calculated with respect to the amount of protected alkynol with formula 1 . 
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